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Abstract

Background: Tuberculouspleurisy (TP) presentsaseriousallergic reaction in the pleuracaused by Mycobacteriumtuberculosis;
however, few studies have described its spatial epidemiological characteristics in eastern China.

Objective: Thisstudy aimed to determine the epidemiological distribution of TP and predict its further development in Zhejiang
Province.

Methods: Dataon al notified cases of TP in Zhejiang Province, China, from 2017 to 2021 were collected from the existing
tuberculosis information management system. Analyses, including spatial autocorrelation and spatial-temporal scan analysis,
were performed to identify hot spotsand clusters, respectively. The prediction of TP prevalence was performed using the seasonal
autoregressive integrated moving average (SARIMA), Holt-Winters exponential smoothing, and Prophet models using R (The
R Foundation) and Python (Python Software Foundation).

Results: Theaverage notification rate of TPin Zhejiang Province was 7.06 cases per 100,000 population, peaking in the summer.
The male-to-female ratio was 2.18:1. In terms of geographical distribution, clusters of cases were observed in the western part
of Zhgjiang Province, including parts of Hangzhou, Quzhou, Jinhua, Lishui, Wenzhou, and Taizhou city. Spatial-temporal analysis
identified 1 most likely cluster and 4 secondary clusters. The Holt-Winters model outperformed the SARIMA and Prophet models
in predicting the trend in TP prevalence.

Conclusions: The western region of Zhejiang Province had the highest risk of TP. Comprehensive interventions, such as chest
X-ray screening and symptom screening, should be reinforced to improve early identification. Additionally, a more systematic
assessment of the prevalence trend of TP should include more predictors.

(JMIR Public Health Surveill 2023;9:e49859) doi: 10.2196/49859
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Introduction

Humanity has been affected by tuberculosis (TB) for centuries,
which is an infectious agent—caused disease considered the
leading cause of mortality worldwide since the beginning of
recorded history. Among people who contract TB each year,
the majority are adults, with the incidence of TB being higher
in men than in women. According to the Global Tuberculosis
Report of 2022 released by the World Health Organization, the
estimated TB incidence rate in 2021 increased by 3.6% from
2020, and China accounted for 7.4% of TB cases worldwide.
Furthermore, the number of TB deaths worldwide successively
increased from 1.4 million in 2019 to 1.6 million in 2021, only
after the onset of the COVID-19 pandemic [1]. Mycobacterium
tuberculosis generally affects not only the lungs but also other
sites such asthe pleura[2].

Tuberculosis pleurisy (TP) isacommon clinical manifestation
of TB post primary infection or due to the reactivation of latent
TB [3]. Available documentation shows that TP accounts for
about 4% of total tuberculosis cases in the United States and
Brazil, 20% of casesin South Africa, and 7.3% of casesin Korea
[4]. In the United States, the incidence of both TP and TB has
been declining, but to alesser degreefor TP [5]. In 2018, it was
categorized as pulmonary tuberculosis (PTB) in China[6]. TP
can be divided into dry and exudative pleurisy. Dry pleurisy is
an early inflammatory reaction of the pleura, usually without
obvious imaging abnormalities. Exudative pleurisy is
characterized by unilateral or bilateral pleural effusions, which
often occur asthickened pleural adhesionswith slow absorption
[7]. The recommended standard regimen for TP is up to 8
months, which islonger than the usual treatment period for TB
[8]. Previous studies have shown that the prevalence of TP is
low in women, while the number of patients with TP is higher
in eastern China, among farmersand patientswith AIDS[9-11].
However, the temporal periodicity and spatial clustering
characteristics of TP have not been explored in eastern China.

Zhgjiang Provinceislocated in the eastern region of Chinaand
has a devel oped economy. In recent years, certain parts of the
province have experienced a high burden of TB. Understanding
the spatial and temporal patterns of TB incidence can provide
insights into the clusters of this disease [12]. Spatial-temporal
analysis has been widely used to describe the epidemiological
distribution and aggregation of infectious diseasesin both space
and time; however, few studies have explored the spatial
epidemiological characteristics of TP. In comparison to
traditional epidemiological techniques, tools using geographic
information systems have significant advantages in tracking
disease, identifying areas of clustering, and analyzing the spread
of disease across communities [13]. Spatiotemporal cluster
detection has played a crucial role in understanding infectious
disease spread, with its dynamic course and dimensions of time
and place, and a combination of both [14]. In addition,
time-series model s were sel ected to provide scientific cluesfor
predicting the prevalence of diseases such as desiccation
syndrome and AIDS [15,16]. However, there are few such
studieson TR,
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Therefore, this study aimed to use spatial-tempora analysisto
identify the epidemiological characteristics of TP. Furthermore,
the spatia differentiation of TP can provide a visual map
depicting the diversity of TP occurrence across different regions.
Additionally, this study used time-series models to provide
scientific cluesfor the control of and interventionstargeting TP
infectionsin the province.

Methods

Overview of the Study Area
Zhejiang Provinceislocated on the eastern coast of China, with

a land area of 101,800 km? accounting for 1.06% of the
country’s land area [17]. The province encompasses plains,
mountains, coasts, islands, and lakes. Zhejiang Province
comprises 90 counties and cities, including 2 subprovincial
citiesand 9 prefecture-level cities[17,18].

Data Source

All recorded cases of TP in Zhejiang Province from 2017 to
2021 were obtained from the TB Information Management
System (TBIMS), which is a first-generation web-based
information system designed and built by the National
Tuberculosis Control and Prevention Center in 2005 [19]. The
system collected data on demographics, diagnosis, |aboratory
results, and treatment outcomes of all patients with TB during
the specified period. In addition, demographic datafor Zhejiang
Province were obtained from the China Information System for
Disease Control and Prevention.

Definition

Diagnostic criteria for TP were as follows. (1) confirmed
patients: cultures of pleural biopsy specimens were positive,
and the strain was identified as M tuberculosis, changes in
tuberculosis confirmed through pleural tissue biopsy; and (2)
clinicaly diagnosed patients: imaging examination showing
pleural effusion with (i) a moderately positive or strongly
positive outcome on the tuberculin pure protein derivative skin
test, (ii) a positive outcome on the y-interferon release test, or
(iii) apositive outcome on the M tubercul osis antibody test [20].
Delays in seeking medical treatment were indicated when the
interval between the appearance of the first symptom and the
visit to the designated hospital was > 2 weeks, and the delay in
diagnosis was the time between the first consultation and a
confirmed diagnosis [21].

General Epidemiological Characteristics of Patients
With TP

The features of patients with TP in Zhgjiang Province from
2017 to 2021 are described in the context of sex, age group,
city, antitubercul osistreatment, mode of case finding, treatment
history, delay in accessto care and final diagnosis, and treatment
outcomes.

Spatial Autocorrelation Analysis

In this study, the Moran | index and local indicators of spatial
association (L1SA) were used to analyze global and local spatial
autocorrelation. The global Moran | index is a comprehensive
measure of spatial autocorrelation in the whole study area, and
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it can indicate the average degree of spatial differences between
each unit and the surrounding area. If partial positive and partial
negative spatial correlations coexist in the overall study area,
LISA are needed to reveal the possible spatial variability [22].

Space-Time Scan Statistics

For the spatiotemporal analysis, we used the Kulldorff
spatial-temporal scan statistic to identify clusters based on
specific time and location combinations. This statistic uses a
Poisson probability distribution mode. The Kulldorff method
uses a moving cylindrical window to scan the study area. The
height of the cylinder represents the possible clustering time,
the bottom represents the clustering area, and the radius serves
as the scanning risk population [23]. The significance of the
clusters identified at a 95% confidence level was tested using
Monte Carlo simulations to identify the clusters.

Prediction Models

Three models were used in this study. The Holt-Winters
exponential smoothing model eliminated some random
fluctuations, which can assign different weights to the data of
each period and reasonably predict the future devel opment trend
[16]. The seasonal autoregressive integrated moving average
(SARIMA) model divided the observed value into 3 parts:
residuals, seasonal feature, and truetrend [24]. The Holt-Winters
exponential smoothing model and SARIMA model were
introduced more specifically in a previous study [16]. The
Prophet model, developed by Meta, allowed using time as a
regressor to fit both linear and nonlinear functions of time[25],
and a more specific introduction to this model is provided in
Xieet a’s[26] study.

Statistical Analysis

Descriptive analysis was conducted using Excel (Microsoft
Corp) and SPSS (version 28; IBM Corp). The Moran | index
was calculated using GeoDa (version 1.20), and SaTScan
software (version 10.1; Harvard Medical School) was used to
determinethe spatial and temporal aggregation of TP, All visual
results are presented using the ArcGI S software (version 10.8;
SERI Inc). The prediction of TP prevalence was model-fitted
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using R (version 4.2.0; The R Foundation) and Python (version
3.8; Python Software Foundation).

Ethical Consider ations

This study was approved by the Ethics Committee of the
Zhejiang Provincia Center for Disease Control and Prevention
(audit number 2022-032-01), which waived the requirement for
informed consent. All personal information obtained in this
study was treated and kept confidential in accordance with the
required protocols.

Results

General Epidemiological Characteristics of Patients
With TP

During the study period, atotal of 11,531 patientswith TP were
identified, with a notification rate of 7.8 cases per 100,000
population in 2017, 8.2 cases per 100,000 population in 2018,
7.7 cases per 100,000 popul ation in 2019, 6.6 cases per 100,000
population in 2020, and 5.0 cases per 100,000 population in
2021, respectively (Figure 1).The male to female ratio was
2.18:1. Among al cases of TP, the top notified cases and
notification rate were noted in 2018 (n=2594; 8.2 cases per
100,000 population). The number of cases peaked in the second
guarter (n=3354) and plummeted in the fourth quarter (n=2558)
during the study period, indicating seasonal distribution
characteristics. In terms of age distribution, 74 (0.64%)
individuals were aged 0-18 years, 6359 (55.15%) were aged
19-59 years, and 5098 (44.21%) were aged =60 years. In terms
of geographical distribution, 2319 (20%) cases were notified
in Hangzhou, while 1294 (11.22%), 1393 (12.08%), 1452
(12.59%), and 1259 (10.92%) caseswere reported in Wenzhou,
Ningbo, Jinhua, and Taizhou, respectively. Passive findings
was the main source of TP identification in Zhejiang Province.
Nearly all patients (n=11,326, 98.22%) were treated for thefirst
time, with nearly 90% of them having completed treatment.
Delayed access to medical care was observed among 6317
(54.78%) patients with TP, and diagnosis was delayed among
1462 (12.68%) patients. In addition, 86.26% (n=9949) of
patients with TP were treated with a duration of =9 months
(Table 1).
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Figure 1. Changeinthetrend of tuberculous pleurisy notification rate and case numbers by month.
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Table 1. Epidemiologica characteristics of patients with tuberculosis pleurisy in Zhejiang Province from 2017 to 2021 (N=11,531).

Zhou et d

Characteristic Patients, n (%)
Sex
Male 7901 (68.52)
Female 3630 (31.48)
Age group (years)
0-18 74.(0.64)
19-59 6359 (55.15)
260 5098 (44.21)
City
Hangzhou 2319 (20.11)
Jinhua 1452 (12.59)
Ningbo 1393 (12.08)
Wenzhou 1294 (11.22)
Taizhou 1259 (10.92)
Shaoxing 1078 (9.35)
Quzhou 858 (7.44)
Jiaxing 674 (5.85)
Huzhou 582 (5.05)
Lishui 506 (4.39)
Zhoushan 116 (1.00)
Casefinding
Passive finding 11,513 (99.84)
Activefinding 18 (0.16)
Treatment history
Initial treatment 11,326 (98.22)
Retreatment 205 (1.78)
Anti —tuberculosis pleurisy treatment
Yes 11,523 (99.93)
No 8(0.07)
Time of delay in seeking medical treatment (days)
0-14 5214 (45.22)
15-29 2968 (25.74)
30-44 1569 (13.61)
45-59 503 (4.36)
260 1261 (10.94)
Unknown 16 (0.14)
Time of delay in diagnosisin the health system (days)
0-14 10,069 (87.32)
15-29 773 (6.70)
30-44 302 (2.62)
45-59 122 (1.06)
260 237 (2.06)
Unknown 28 (0.24)
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Characteristic

Patients, n (%)

Interval between diagnosis of tuberculosis pleurisy and end of treatment (days)

0-180
181-270
=271
Unknown

Treatment outcome
Treatment completed
Death
Cure
Changesin diagnosis
Failure
Adverse reactions
Transfer to multidrug-resistant tuberculosis pleurisy treatment

Others

734 (6.37)
795 (6.89)
9949 (86.28)
53 (0.46)

10,422 (90.38)
203 (1.76)
242 (2.10)
204 (1.77)
14(0.13)

122 (1.06)

10 (0.09)

314 (2.73)

Spatial Autocorrelation Analysis

On spatia autocorrelation analysis, the global Moran | index
ranged from 0.187 to 0.362, indicating spatial heterogeneity in
the distribution of patients with TP in Zhejiang Province from
2017 to 2021. Furthermore, there was a positive correlation
between the notification rate and spatial distribution (P<.01;
Table 2). The local autocorrelation LISA cluster plot showed

that in Zhejiang Province, hot spot areas were located in parts
of Quzhou, Jinhua, and Hangzhou, and cold spot areas were
clustered in Jiaxing, Wenzhou, and Lishui. Although the hot
and cold spots changed every year, Jiangshan, Qujiang,
Changshan in Quzhou City, and Chun'an in Hangzhou City
emerged as hot spotsthroughout the study period. Furthermore,
Longwan and Yueqing in Wenzhou City wereidentified as cold
spotsin 4 out of the 5 years (Figure 2).

Table 2. Spatial autocorrelation analysis of the tuberculosis pleurisy notification rate.

Year Moran | index zscore P value
2017 0.362 5.275 .001
2018 0.296 4.099 .001
2019 0.187 2.632 .007
2020 0.209 3.026 .006
2021 0.241 3.864 .003
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Figure 2. Local indicators of spatial association of the tuberculosis pleurisy notification rate in Zhejiang Province.
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Spatial-Temporal Scan Statistics

2020

Spatial-temporal scan statisticsof TPin Zhejiang Province from
2010 to 2021 identified 1 most likely cluster and 4 secondary
clusters. Themost likely cluster wasthe high-risk cluster, which
encompassed 32 countiesin western and southwestern Zhegjiang

4

2021
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Province, including all countiesand districts of Quzhou, Jinhua,
and Lishui; Wencheng and Taishun in Wenzhou; and Xianju
inLishui. Themost likely cluster period ranged from April 2017
to September 2019, with 2383 cases of TP and a relative risk
of 1.98 (log likelihood ratio=382.55, P<.01; Table 3and Figure

3).

Table 3. Spatial-temporal scanning of the tuberculosis pleurisy notification rate in Zhejiang Province, 2017-2021.

Cluster type Cluster period Coordinates/radius Counties,n Notified (expected) Log likeli- Relative P value
cases, n (n) hood ratio  risk

Most likely cluster  January 20, 2017,to  (28.578400° N, 118.595300° 32 2383 (1341.84) 382.55 1.98 <.01
September 30, 2019  E)/199.19 km

Secondary cluster 1 January 1, 2017,to  (30.042100° N, 120.663400° 8 785 (488.22) 80.06 1.65 <.01
June 30, 2018 E)/51.20 km

Secondary cluster 2 February 1,2018,to (27.885900° N, 120.815300° 1 48 (3.87) 76.84 12.46 <.01
July 31, 2020 E)/0 km

Secondary cluster 3 February 1, 2017,to (28.602000° N, 121.076900° 1 124 (48.34) 41.40 2.58 <.01
November 30, 2018 E)/O km

Secondary cluster 4 April 1, 2017, to (28.652100° N, 121.475800° 2 129 (74.78) 16.25 1.73 <.01

August 31, 2018

E)/12.06 km
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Figure 3. Spatia-temporal clustering of the tuberculosis pleurisy notification rate in Zhejiang Province.
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M odel Predictions

On comparing the fitness of predicting TP prevalence trendsin
2021, the Holt-Winters exponential smoothing model showed
better predictive performance than the SARIMA and Prophet
models, with lower mean-square error, root-mean-square error,
mean absolute error, mean absolute percentage error, and
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symmetric mean absolute percentage error values (Table 4).
The composition of the original sequence and the predictive
results determined using the Holt-Winters exponential
smoothing model are presented in Table 4. The exponential
smoothing model was used to predict the number of notified
cases of TP, and its actua valuesin 2021 are shown in Table
5.
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Table 4. Critical indices of the Holt-Winters exponential smoothing, SARIMA?, and Prophet models.

Indices SARIMA Holt-Winters Prophet
MSEP 978.593 479.170 579.114
RMSEC 31.282 21.890 24.065
MAEY 25.247 17.380 17.501
MAPEe 16.270 11.130 N/Af
SMAPEY 16.883 12.080 N/A

3SARIMA: seasonal autoregressive integrated moving average.
bMSE: mean-square error.

‘RMSE: root-mean-square efror.

9MAE: mean absolute error.

EMAPE: mean absol ute percentage error.

N/A: not applicable.

9SMAPE: symmetric mean absol ute percentage error.

Table5. Holt-Winters exponential smoothing model used to predict the number of notified cases of tuberculosis pleurisy and its actual valuesin 2021.

Month Actual value Estimate 95% ClI

January 158 141 104-178
February 122 119 105-133
March 191 162 161-163
April 159 176 134-217
May 165 175 140-210
June 155 156 116-197
July 163 156 132-181
August 144 129 99-159

September 145 128 116-140
October 133 120 82-157

November 145 115 108-121
December 160 108 107-108

Discussion susceptibility, such as smoking, alcohol use, drug abuse, sex

Principal Findings

TP, as a subgroup of PTB in China, has attracted increasing
attention in recent years due to its severity. According to a
bibliometric study, there has been an increasing number of
TP-related studies in the past decade, and China had the most
studiesin thisfield [27]; furthermore, Mexico, the Philippines,
Vietnam, China, and India had the highest prevalences of TP
worldwide [5]. Zhejiang Province is a developed coastal area
of China, and the notification rate of TP accounts for a certain
proportion. Therefore, it is necessary to understand cluster
epidemics at the spatial and temporal levels.

In this study, epidemiological characteristics showed that men
were more likely to develop TP than women, which isin line
with theresults of previous studies[28,29]. Given that TP occurs
secondary to PTB, we speculated that possible explanationsfor
sex differences were attributed to lifestyle and genetic

https://publichealth.jmir.org/2023/1/e49859
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hormones, and genetic variations [30,31]. Therefore, it is
necessary to consider men asthe key population for prevention
and control, such as by strengthening screening and improving
the awareness of TP in this specific population. Furthermore,
we found that the TP natification rate peaked mainly in the
summer. As shown in the literature, when the mean ambient
temperature increased from 15.1 °C to 24.5 °C, the cumulative
adjusted relative risk of hospitalization for TB was 1.07 (95%
Cl 1.00-1.14) [32]. Although thereisno clear evidence showing
adirect correlation between TP and temperature, we postulate
that due to the increased temperature, thereis alikely increase
inthe synthesis of mycolic acids, which arevital for the growth
of M tuberculosis and contribute to its subverting of and
escaping from the immune system [33].

In our study, 6317 (54.78%) patients with TP experienced
delayed accessto medical care. A literature analysisof TB cases
from 32 provinces in China showed that patient delays were
also common among TB cases, with amedian of 20 (IQR 6-46)
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days[21]. We specul ated that acomparatively long patient delay
may result in further invasion of the pleura. Furthermore, the
median delay in PTB diagnosisin Chinawas 1 (IQR 0-8) day,
while adelay of TP diagnosis of more than 14 days accounted
for 12.68% of cases in our study [21]. To our knowledge, a
definite diagnosis of TP was made by detecting M tuberculosis
from pleural effusion or pleural tissue[34]. However, culturing
M tubercul osistakes 2-8 weeksto obtain resultsin someregions
without access to rapid diagnosis tools, which could influence
effective medical interventions[35]. Consequently, further delay
in anti-TB treatment for TP might result in pleural thickening
or TB empyema that requires surgical resolution [36].
Considering the long duration of the disease, insidious onset,
and lack of specificity of diagnostic methods for TP [37,38], it
isproneto both abovementioned delays, which may further lead
to increased transmission of TB [39]. Therefore, timely
detection, such asusing x-ray imaging or computed tomography,
and adequate health education are needed to identify TP in the
early stages and improve awareness of TB information [40].
For patients with normal immune function, the current
recommended treatment duration is 6 months for isoniazid and
rifampicin with 2 monthsfor ethambutol and pyrazinamide [8].
In China, the National Tuberculosis Program guidelines
specifically recommend that the treatment period for TP be>9
months, while nearly 14% of patients had received insufficient
treatment. Therefore, more attention must be paid to the
treatment duration of TP,

Spatial-temporal analysisis commonly used to explore disease
clustersand identify areasat high risk of infectious disease [41].
Spatial analysisindicated spatial heterogeneity among patients
with TP, with hot spots located mainly in the western cities of
Zhgjiang Province. The relatively large agricultural population
and relatively low economic status in these areas, along with
limited knowledge related to TP, are the common risk factors
for the development of TP [42]. Therefore, the early detection
strategy of TP in this population should be strengthened by
implementing modern approaches, such as large-scale active
screening. Furthermore, the spatial-temporal analysisindicated
that the most likely clusters were mainly concentrated in the

Zhou et d

western part of Zhejiang Province, which were similar to the
results of spatial analysis. This result unveils the distribution
pattern of TP incidence in Zhejiang Province and provides a
theoretical basis for the regional rational allocation of health
resources related to TP and effective implementation of
comprehensive prevention and control measures [41]. Therefore,
exploring the causes and mechanisms leading to the regional
clustering of TP should be carried out in the future.

Each predictive model has its own limitations and merits due
to the different prerequisites and mechanisms involved in
predicting epidemics. In this study, our exponential smoothing
model has a good prediction effect, and the actual value of
66.7% falls within the 95% CI of the predicted value. Part of
the actual value that is not within the prediction range may be
unsatisfactory for clinical applications. The possible reason was
theimpact of the COV1D-19 pandemic, resulting in the deviation
of the model prediction.

Limitations

However, this study also has some limitations. First, TP is not
easy to diagnose, and it was not mandatory to include TBIMS
before 2018, which could cause an underestimation of TP
preval ence from our available surveillance system. Second, the
combination and breakdown of different areas of the panel data
makesit impossibleto carry out detailed analysisin some aress.
Third, the prediction model did not include other meteorol ogical
factors such as humidity and wind. Last, some potential
influencing factors were not considered, such as HIV
coinfection, which would be considered in the future.

Conclusions

In this study, the male population had a high notification rate
of TR, and a high notification rate of this disease was noted
during summer. The western region of Zhejiang Province has
the highest relative risk of TP. Comprehensive interventions,
such as chest x-ray screening and symptom screening, should
be strengthened to improve early identification. Additionally,
a more systematic assessment of the prevalence trend of TP
should include more predictors.
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